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ACCURACY, PRECISION, AND CONVENIENCE 
FOR CAPACITANCE MEASUREMENTS 


The dirert-roadiiig accuracy of 0.01% 
in the new Type lOlS-A Capacitance 
Bridge here being introduced is an im¬ 
provement of an order of magnitude in 
accuracy over most preceding bridges. 
This hjis l>een made possible by the 
improvements introduced in recent years 
in standards of absolute capacitance, in 
capacitance bridges, and in reference 
capacitors at the National Bureau of 
Standards* and other standards labo¬ 
ratories. The computable cross capacitor 
developed at the National Standards 
laboratory of Australia by Thompson 
and I.ampard“ has made it possible to 
detennine the unit of capacitance with 
an accuracy that is now a few parts per 


million and which may l)e expected to 
improve. The advantages of ratio trans¬ 
formers and of transformer ratio arms 
in bridges, exploited initially in Great 
Britain and then more fully in Australia, 
have been utilized to increase the pre¬ 
cision of measurement and to extend the 
range to capacitances below 1 micro¬ 
picofarad (10“*** fanid). Furthermore, 
the refereiice capacitors used to store 
and transfer the capacitance unit have 


•M. C. .VIcC;re«or. J. F. Hewh. H. D. Cutkoeky. F. K. 
Harris, and F. R. Hotter, "New apparatus at the National 
Bureau of Standards for absolute capacitance nieastire- 
ment," IRE Trans. o#» Jnsirumenlation, vol. 1-7, pp 
2.53-261; Decenilwr. 19.58. 

*A. .M. Thoiupwcm, and D. G. l.ampard. "A New Theorem 
in Electrostatics and its .Application to Calculable 
Standards of Capacitance," Nature, 177, 888 (1956). 



Figure 1. Ponel view of the Type 1615-A Capacitance Bridge. 


3 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516)334-5959 *(800) 899-8438-FAX: (516)334-5988 






GENERAL RADIO EXPERIMENTER 


born improved by the use of three- 
terminal eoii.stmotion to minimize con¬ 
nection errors, which limit accuracy in 
capacitors of 1000 pf or less," and by the 
us<‘ of new construction methods, low- 
tem|H»ralui*e-c(X*fficient materials, and 
scailcd containerH to increase the stabil¬ 
ity. With this new apparatus, the 
National Hun*au of Standards can now 
certify capacitors to an accuracy of 
50 ppm or In^tter. 

Many of th<‘si‘ improvements have 
als<^ U'cn incorporated into the new 
Tvpk Hiir>-A rapacitance HridRe. 'Phis 
brid"(' has transformer ratio arms for 
accuracy and stability. Its internal 
capacitance standanls are thr«M*- 
ternunal, sealed capacitors having low 
UanperatniT’ (MM*Hici<'nts. The bridRe has 
six-fiRure resolution for capacitance fnnn 
1 /if to I pf and a direct-readiiiR ac¬ 
curacy of 0.01 Vo over this eapacitaiu’i* 
range and over most of the frctiuency 


range from 100 cycles to 10 kc. The 
im|)edance of the transformer ratio arms 
has been kept very low, so that accurate 
three-tenninal measurements can be 
made even in the pmsence of large 
capacitances to ground. The bridge also 
has the necessary internal shielding to 
IXTinit one terminal of the unkiio\m to 
be grounded, so that both two-terminal 
and thre(*-termiiial measurements can lie 
made over the whole eapueitance range. 

The balanee <‘ontrols are lever-type 
switches, the n‘adout is digital, and 
the decimal point Is automatically 
positioned. 

'fhese features, and others des<TilK‘d 
below, result in a capacitance bridge 
that bring.s to the measurement of 
capacitanee, to tin* intereomparison of 
standards, and to the ineasurenient of 
ilielectric projxTties an unu.siial d(‘gn'e 
of aceuraey, preci.sion, range, and 
convenience. 


TRANSFORMER RATIO ARMS 


Maav r»f ihc a(lvanf:igi*s of inductively 
coii|)l(*<l, »»r transformer, ratio arnvs have l»ccn 
known .since about I8S8, and they arc j'ovcrcd 
in detail in the 11I2S British patent of A. I). 
Blumlcin. Little use vva.s made of them, how¬ 
ever, until ahoul the time of World War II, 
when new applications were fouml in the 
nic^uiircnifiit of very small capacitaiK't*. Sin<*e 
that linn*, irafisformer ratio arms have l>ecome 
iiiere}i.*jinRly |HJ|)ulur in commercial l>riiiRi*s a.«> 
well iis in the apparatus of the national stand- 
nrdb lalwmitories. 

The advuntat^*s of such ratio arms are that 
accuraciiM within a few parta per million are 
nut diflicnlt to obtain over a wide raiiRe of 
integral values, even for ratios us hinh as 
lUlM) to I, and that these ratios are almost 
unaffected by age, temperature, or voltage. 
The low’ impediinee of the transformer ratio 
arm also makes it easy to mea.snre dire<*t 
im|HHlance*s and to exclude the ground im- 
ptslunces in a three-terminal ineu-stirement 
without the use of guard circuits ami auxiliary 
balances. 

To illuHlratc these characteristirs, a simple 
cupacituiKH* bridge with transformer ratio 
arms is .shown in Figure 2. On the toroidal ron*, 

•J. F. Ilpn*li. “A CloM* liook at CnnnM*tioti Krrom in 
CnpHcitiinrv MtsuturvntonU.*' (Jen^ral Radio Rxptri- 
RWTH/rr, 33. 7. July. lO.'iU. 


a primary winding, connecteii to the generator, 
serves only to excite the c<»re; the numlxT of 
primary turns, Ve, determines the loud on the 
generator but doe.s not influence the bridge 
network. If all the magnetic Hnx is confined 
to the cure—ns it is to a high degree in a sym¬ 
metrically wound toroid with a high-penm.*- 
ability core—the ratio of tfie open-tircuit 
voltages inducerl in the two secondary* windings 
must l>e e.xactly equal to the ratio of the 
fiumlKT of turns. The ratio can Ik? changed by 
the use of taps along the two stvondaries, but, 
when the numlM*r of turns is RxckI, the voltage 
is highly invariant, ('huriges in the core perinea 
ability with time and tem|HTature have only 
.sei’ond-order effe<*ts on the ratio, bet’uuse they 
moilify only the very small amount of leakage 
flux that is not confin<?d to the core in a practical 
transformer. The ratio is, therefore, both 
highly accurate and highly stable. 

In Figure 2, the two transformer secondary 
windings are used as the ratio arm.s of the 
capacitance bridge with the standard capac¬ 
itor, (’.V, and the uiiknow'n, f'y, as the other 
two anns in a conventional four-arm bridge 
network. The coiiditiim for balance or zero 
detwtor current is wisily shown to lie that 
F.xCv - VxCxotCx Cs ’^ Vs \ x = A.v/.Vx. 

Thus balance condition is not .nffe<*ted by the 
capacitamx*s showm from tl»e II and L terminals 
of Cn and Cx to the termifial Ci connected to 
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Figur* 2. A CQpocitonc* bridge with 
frontformer rotio arm*. 


the jiiiif'tion of the ratio arnw*. The eapac- 
itantH‘H Iretweeii I. and (I nhiint the deteetor, 
90 that they afTirt only the hridpe arnaitinty. 
The eapaeitanres laMween 11 and (1 are aeross 
(he transformer wimlings. To the extent that 
^ the transformer ran lx* nssnnnxl ideal, i.e., 
with no resist a nee in the s<x*ondar>’ windings 
and with no flux that does not link I'qoally 
both secondaries, the rurrrnt dniwn by the 
IWl rapaeitanees does not rhaiiKe the voltages 
Tv an<l Vx or the ludanee (xmditions. In 
pnietiee, the transformer resL^tanecs and 
leakage induetanres can l»e kept so small that 
quite low impt^rlaiiees or large capaeitamTs 
can l>e eonnerterl from II to (^ Indore there is 
appreciable ern)r in the bridge. 

The junction of the ratio anus, (1, is therc^- 
fore a guard jMiint or guani potential in the 
bridge. .Ml capacitanc<*s to (I from the H or L 
comers of the bridge are excludcxl from the 
meaMuremerit. In the thnM*>terminal capacitors 
reprivc-ntiMl by the II. L, (i terminals in Figure 
2, the bridge me:isiires only the dinn't capac¬ 
itance, Cx, of the unknown in terms of the 
direct capacitance, C\, of a standard, without 
additional guard circuits or balances. 

One can take advantage of the accurate and 
stable ratios of the transformer by the tise in 
the bri<lge of a standard arm wfiich is fixed 
and a ratio which can lx? variwl to Imlance 
the briiige. 

Figure 3 shows three of the possible ways of 
balancing u simple transfomier-ratio capac¬ 
itance bridge. For simplicity, the generator 
and primary are not showTi, hut it is assunuMi 
that the two .He<‘oiHL'iries have 100 turns each 
and are e\cite<l so that there is 1 volt [ht turn. 
The capacitor in the unknown arm is assumed 
to be 72 picofarads. 

In Figuix* 3n, the two ratio arms are equal 


and the bridge is balance*! in the conventional 
way with a variable standard capacitor which 
is adjusted to 72 pf. 

TTie detector current can etpially well l)e 
adjusted by a variation in the voltagt? applied 
to a fixed standard capacitor. In Figure 3b. 
the standard capacit*»r is fixe*! at 100 pf, and 
this is balance*! against the 72-pf unknown 
connected to the 100-volt end of the tnins- 
former by conne<*tiou of the standard to 72 
volt.s of the opposite phase, obtaine*! from 
suitable tap.s on the tntnsformer windings. 
The inductive divider shown has a winding of 
100 turns with ta|)s every 10 turns and, on the 
same core, another w inding of 10 turns (np|)ed 
every turn. If, us shown, the se<‘ond winding is 
conne<*ted to the 70-volt tap on the first win*!- 
ing and the capacitor to the 2-volt tap on the 
second winding, the required 72 volts is applicHl 
to the capacitor. Six or mort‘ dec'udes for high 
precision can be obtained in a similar fa.shion 
with more turns on one core and the use of 
additional cores driven from the first. Such 
inductive dividers have very accurate and 
stable ratios, but the erixirs increase with the 
numlier of decades be<’auso of loading elT<*<’ts. 

•Another method of balaiic'e by voltage 
variation is shown in Figure 3c*, whc*re a siiijpc 
divade divider is used in combination with 
multiple fixed capacitors. The 100-turn sexv 
ondarv is tappes! everv* 10 turns to provide 
10-volt incrcunents. If, then, u JOO-pf CHpac*itor 
is c*onnec*ted to the 70-volt tap and a lO-pf 
capacitor to the 20-volt tap, the rc?Hulting 
detec'tor current balanc*es that of the 72-pf 
unknow’n connecio*! to 100 volts. This bridge 
I’an lie given six-figure resolution, for example, 
through the use of six fixe*! capacitors in 
decade steps from 100 pf to 0.001 pf. each of 
which c*an lie connetUcH! to any one of the 
tajis on the transformer. 

In any of thest? liridges, the bridge ratio can 
also be varied by u.se of taps on the unknown 
side of the transfomier to vnr>* the voltage 
applied to the unknow n capacitor. For example, 
if the unknown capacitor wen* c*oniu***ted to a 
lO-tiim or 10-volt tap on the up|H*r half of the 
transformer, then a c*apuc*itanc*e of 720 pf 
inattnid of 72 would be balancc*d by the standard 
capacitors shown. The range of the bridge can 
thu.s be extendt**! to measure capacitors which 
are much larger than the standards in the 
bridge. 



lOOt 
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Figur* 3. Methods of balancing capacitance 
in a transformer-ratio bridge. 


5 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (SOO) 899-8438 • FAX: (516) 334-5988 





















GENERAL RADIO EXPERIMENTER 


These ativmilnRes of transformer ratio arms 
and dividers make possible a bridge of ver>' 
wide range and high aeeiiracy, since not only 
are the ratios stable and accurate l)ut, when 
only a few fixe<i capacitors are rtHpiiretl as 
standards, the standards can Ik* consinicted to 
have high stability and accuracy. This bridge 
can also have* a wide range of freipiencit^s. At 
low frcMiuencies, a limit i.s imposed on sen¬ 
sitivity ny the maximum voltage obtainable 


rn)m the transformer, since, for a given core, 
the voltage at saturation is proportional to 
frc<|uency. .\t high fn*quencu*s there i.s a de- 
crea.se in accuracy r(‘sulting from the de<Tefuse 
in core permeability with frequency, from the 
incrciLsed loading of the transforrn<*r by its 
self-s’apacitance as well as the bridge cap.ac- 
it.nn<a*s and, of course, from the usual residual 
capacitances and iriduclanc**s in the bridge 
wiring ami components. 


THE TYPE 1615-A CAPACITANCE BRIDGE 


CAPACITANCE 

The new Typk Hil5-A Capacitance 
Bridge i.s a tran.sformcr-ratio bridge of 
the type that luses a .single decade of 
tran.sfonner voltage division and mul¬ 
tiple, fixed, standard capacitors to 
provide six decades of resolution in 
capacitance. A.s shown in the elemen¬ 
tary diagram of Figun' 4, one side of t he 
.secondary of the ratio tran.sformer is 
tapped at intervals of one-tenth, and to 
the.se taps can lx* connected six standard 
capacitors in any comt)ination n’rjuired 
to balance the bridge. If, for example, 
the standards connected to the .si.x- 
decades switch are KKK), UX), 10, I, 0.1, 
and 0.01 pf, the range of unknown that 
can be balanced is from KXX) pf to 0.(X)l 
pf when the unknown is connected to tiie 
full voltage of the other secondary of 
the tran.sfonner. This unknown side of 
the transformer has, however, a tap at 
oiu'-tenth of the full voltage, so that 
when the unknown is driven from this 
lower voltage, the range is multiplied 
by ten, and an unknown up to 10,000 pf 
or 0.01 /if can l>e balanced by tlie same 
internal standards. The range is ex¬ 
tended still further hy further di\ision 
of voltage on the unknown .side througli 
a .second transformer or inductive 
divider driven from the 0.1 tap on the 
ratio transformer. This second divider 
provide.s additional ratios of 0.1 and 
0.01, so that, with the voltage applied 
to the unknown reduced to 0.01 and 
0.001, the bridge is given two more 
ranges of 0.1-/if and l-/if maximum 
capacitance. 


To e.xtend the range to smaller 
capacitances, two additional .standards 
are used, of 0.(K)1 and 0.0(X)1 pf. This 
yield-s two more ranges, O.OtXll pf to 
100 pf and O.OtKX)! pf to 10 pf. There 
are, therefore, eight .standard capacitors, 
only six of which are used for any one 
range. The connections of these capaci¬ 
tors are made l)y the .same range switch 
that .selects the transformer taps. 

With this eoml)ination of eight in- 
temal standard capacitors and four 
voltage ratios to which the unknown ^ 
can lx* connected, the capacitance range 
of the bridge extends from a maximum 
of 1.111,110 /if to a minimum step of 
0.00001 pf or 10“ /if. The capacitors 
and ratios u.sed for each range are 
indicated in Figure 5. 


EXT 

STAMOMO 



of Iho copocitonce bridge. 
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LOSS 

To obtain a procLsion of six fig^ires 
in the capacitance balance, the loss 
balance must l>e made equally pn»cise. 
As shown in Figure 4, the loss balance 
in this bridge can be made in terms of 
either the dissipati(m factor, />, or the 
shunt conductance*, 6’, of the unknown. 
For most purposes, dissipation factor 
offers the greater range and convenience. 
Conductance is useful in some measure¬ 
ments of dielectric materials and is 
necessary when external standards are 
added to the bridge and wh(*n the loss 
in the bridge standards exceeds that of 
the capacitor lx*ing measured. 

Dissipation Factor 

The dissipation-factor balance is made 
by means of four resistance decade.s 


connectetl in series with the common 
side (»f all the internal capacitaiuT 
standards as shown in Figure 4. Since* 
D = u)RCt, where* Ct is the total capac¬ 
itance connecte*d to the junction of the 
euipacitors and resistors, the resistane^* 
decades can Iw calibrated to read I) 
din*ctly at a particular fre<iuency, in 
this case at KXX) cps. With four decade*s 
of 100, 10, 1, and 0.1 ohms per ste*p and 
with the total capacitance adjusted to 
0.001592 /if, the range of D at 1000 cps 
is from 0.01 to 0.000001. At other 
fnM|uencies, the indicated D must Ik* 
multiplied by the fre*quency in kilo¬ 
cycles. To extend the range to higher 
D, additional capacitors are added by a 
range switch to make Ct = 0.01592 /if 
for a maximum D of 0.1 and to make 
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Ct = 0.1502 Aif for a maximum D of 1. 
Thi.s raparilanrc adciocl lK‘t\V(HMi the 
resistors and the Iransforiner end of the 
detoetor (hH*s not ehangt* the capae- 
itanee halanee. 

AlthouKli the l>ridj;e hjis only foiir- 
fignn* resolution in />. this pn*elsion Is 
ade(|uate for the si.x-figiin* eapaeitanee 
halanee cjf eapaeitors whose 1) is 0.01 
or le.ss, sinre the .smallest divl'^ion of 
th(* 0.01 range of the D decades is one 
part pc^r million. 

Conductance, G 

Balance of loss in the unknown in 
terms of shunt eomhietanee, (r, is 
provided in this bridge by the e(|uival('nt 
of four decades of eouduetauee in parallel 
with the int(*rnal eapaeitors, as shown 
figuratively in Figure 4, The eon- 
ductanee needed for the lo.s.s in most 
eapaeitors is small, eorn*spondiug to 
n‘sistanee mueh greater than a megohm, 
.so that ordiuar>' n*sistanee decades 
niiinot lie simply eonneetial aero.s.s the 
eapaeitors. It is simple, however, to us(* 
resistance dei’ades in a T network to 
obtain a variable eonduetanee. With 
l()0-kilohm resistors as the series arms 
and the same four resistance' decades 
usc'd for f)i\s the shunt arm, the range of 
(i is from 0.1 /iniho to ().(KKK)1 Mmho. The 
c'onduetanee is n'dueed by a factor of 
tcMi whcMi the nc'twork is switehc'd to the 
0.1 ta|) on the transformcT instead of to 
the full winding, and the range is then 
from 0.01 to 0.(K)0(K)I ^mlio. When the 
loss in the c'Xternal or internal eapaeitors 
e.xeeeds that of lhc‘ unknown, the' bridge 
must be* able to add loss to the unknown. 
With the eonduetanee* lialanec* of loss, 
the T tu'twork can be readily switehc'd 
to the taps at full nr tc’uth voltage on the 
unknown side of the bridge to jirovide 
the* .sjime two ranges of eonduetanee 
aeiT)ss the unknenvn { — (i) as there are 
for eonduc'tanee across the internal and 
external standards (-f-G). 


ACCURACY ^ 

The accuracy of the bridge i.s deter¬ 
mined primarily by the aceurac*y of the 
tnui.sformer ratios and by the aecniniey 
of the internal standard eapaeitors. The 
aeeurac'y of the nitios depends u|)on the 
magnitude of tlie ratio, upon fre(|uc‘nc*y, 
and upon the load eonneetc*d to the 
tran.sformer. The aceurac’y of the capaci¬ 
tors, which (ie|)end8 initially upon the 
accuracy of the n*f(*renee .standard with 
which they are ealibnited, is u.sually 
limited sub.seciuently by the changc*.s 
produced by aging and by fluctuations 
in temperature, pre.ssure, and humidity. 

To achic've an accuracy of 0.01% it» the 
bridge reading over a wide* range of 
fr(*(|uency and capacitance and without 
fn>(|uent rc'calibration, particular care 
has f)eon taken in the construction of 
the tran.sformer.s and capacitors. 

Transformers 

Relatively low numlK*rs of turns arc ^ 
used in the transformers to keep the 
leakage inductance, stray capa<‘itance, 
and resistances of the windings .so .small 
that the ratio accuracy remains high, 
even with loads greater than 1 ni ami 
fn*quenci(‘s alxive 10 kc. The.st* small 
residual imiM*dances make it pos.sible, 
for example, when a KKKbpf capa<*itor 
is l)eing meiLsurcKl at KKK) cps with unity 
ratio, to load the transformer with a.s 
much as 1 nf of ground or cable ca|)aci- 
tanee l)efore the error in the mea.sured 
direct capacitance exceeds 0.01%.. 'Fhe 
small bridge inductances are not iu.Mg- 
nificant, however, when high capa<‘itance 
is measured at high fr(*(|uency. and the 
bridge error is then of the order of 

+0.002';o "O P'»T<‘:'tiou 

for the inductance is us<»d. 

The accuracy of the ratios when the 
tran.sformer is lightly loaded is better 
than 0.1 part per million for thi* unity ^ 
ratio and is l>etter than 2 ppm for the 
0.1 ratio at KXX) cps or lower fitMpiencies. 
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The witidinv: self-rapacitanws act as a 
l(m(i iis fnM|iieucy increases, so that the 
error in the 0.1 ratio incn*ases to al>out 
20 ppni at 10 kc and to 0.2% at HM) kc. 
When the auxiliarA* tran.sfonner is coh- 
nected for ratios of 0.01 and 0.(M)l. the 
ratio iTrors are increasc'd by the loading 
olTects of the input impedance of the* 
au.xiliary transformer. Tlie.si' errors can, 
however, to a large extent lx* eliminatcai 
by rom|x*nsjiting impedances, and the 
0.01 and 0.001 ratios in the bridge are 
adjusted to within i20 ppm in the 
fre(|Uency range l>elow 10 kc. 'Phe phase 
errors are. in general, .somewhat larger 
than the magnitude errors of the* nitios. 
At 1000 cps, the phase error is probably 
within ±10 M^adian.s, but the error 
increases in approximate proportion to 
ratio and to the square of frequiMicy. 

Capacitors 

The int<*rnal staialard capacitors are 
constnu'ted to have such small chaiig(*.s 
with time, tem|x*r:iture, and environ¬ 
ment that the initial calibration to 
±0.01% may l»e exjx*cted to change' le*.ss 
than 0.01% iwr year in normal u.se. The 
O'mpe'rature coefficients of the 1000-, 
1(K)-, and 10-pf units, which are Invar 
multiple-plate' capaciteirs. are less than 
5 ppm ®(-; the* e'eM'fPicient.s of the Invar 
Zichne*r-ty|)<‘ 1-, 0.1-. and 0.01-pf units 
and of the cyliridrie^al 0.001- aiiel 0.(MK)1- 
pf units are le.<s than 20 ppm ®C. 

For alineest zi'ro change.s of capaci- 
taiict* with atme^)heric pn's.sun' and 
humielity, all but the two smallc'st e'a- 
pae'iteirs are* hermetically seale*el in an 
atmosplieTc of diy nitre)gen. 'Phis se*:iling 
is nece‘s.sary where stal)ility of better 
than 0.01% is e*xpe‘e*le‘el, lM*e*au.se‘ in 
an un.se'alf'd capae‘ite)r the e'apacitaiie'e 
change's alsnit 2 ppm fen* e'ae'h 1% 
change* in re'lative* humielity; heiu'c a 
50'/^ e*hange* in humidity preKJuci's a 
0.01%. change* in e*apacitane*e. .\nd the* 
pn'ssure* change*, few example, resulting 
from moving the capacitor from the 


near-.sea-level altitude of Wa.shingtou, 
I).C., to the me)re* than 5000-ft altitude 
e)f Beailde'r, C’ede»rade», preMlue*esa e*apaei- 
tance de*e*re?ast» of about 0.01%. 

To minimi/x' lemg-term drift, all metal 
parts of the capae-itors are Invar to 
aveiid difTerential .stn*s.se*.s, and they are^ 
anneale'tl and temjx*rature*-cye'led to 
relieve straitis and to accelerate the 
initial aging. 

The bridge e*an 1 k» e'alibrated quickly 
and ae'ceirately by the ineiLsuri'ment e>f a 
single calibrated external standard ca- 
imcitor of almost any size within the 
range of the bri<lge. Since the six-figimi 
re.solution of th<' bridge |M'rmits com- 
pari.son with a precisirm better than 
0.01% down to 1 pf, the accuracy of 
calibration is usually determined by the 
accuracy of the standard. Only one 
external standard, nuist conveniently a 
thrci'-tenninal ItKHbpf standard,* is 
n'quireil l)ecau.‘<<' the a<M*urate, internal 
0.1 transhwnu'r ratio can Iw u.sfnl to 
insure an accurate nitio of the internal 
capacitance .standards. \ —1 po.sition on 
each capacitance lexer switch connect.s 
the corresponding internal capacitor to 
the 0.1 tap on the unknown side of the 
tran.sfonner. 'Phis capacitor can be 
compared with tin' next dechde* capaci¬ 
tor, which i.s connected to the maximum 
voltage on the standard side when the 
adja<*eiit lever i.s set on the x |x>sition, 
and any adjn.stments re(|uin*d (*an 
made with trimm«*rs acc'i's.^ible beneath 
a .‘sliding cover on the bridge panel. 

Such ehe<*ks or recalihrathai.s of the 
bridge need not be made often. 

Loss 

.Mthough the a<^curaey of the moa.sure- 
ment of loss is not important in the 
meiisun'inent of many capacitoi*s, the 
Tvi'K Uilo-.V C'apacitanee Hriilge make.s 
}>o.'^.*iible measuri'ments of di.s.sipation 
factor to an accuracy whii*h ex<*eL*ds 

•The Tttb 1-404 Htferenee Sumlard rapoetOirs are 
reroinmended. These will bo clcscribcil io a atibsequsoi 
iasue. 
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that of mo8t capacitance bridges. This 
accuracy of (d:0.1% -f- 10 ppm I of the 
measured value is applicable ovc*r the 
wliole 1) range and over u<‘arly all the 
capacilMin’c and frc()uency ranges. At 
low frc(iueiM*ies and small capacitaiu’c 
the accuracy will be limitc'il l)y the re- 
du<‘ed sensitivity of the bridge. .\t high 
fre(|uein'ies and at ratio.s oth(‘r than 
unity, the plias4' errors of the transform¬ 
ers will naltice the accuracy. U’ithin 
th(‘sc* extremes, the accuracy of the D 
rL*a<ling is determined by the resistance 
deca<h*s, which are adjusted within 
d:0.05%. and by the total capacitance 
coniii‘cled to the d<*cades, which is 
trimm(‘d to adjust the D reading to 
within ±0.1% wh<*n a standard of 
known I) is measured. 

The loss measurement in terms of 
shunt conductance, is limitfMl to an 
accuracy of ±(1% -f- 0.00(K)1 ^mho) by 
the accuracy of the lOtTkilohm nvsistors 
used in the T network. Higher accunicy 
is s('ldom iKM'ded. It would not only a<ld 
to the cost but would also n‘f|uire 
corre<tU)ns to the bridge (i reading. 
The.st* corr<‘ctions, amounting to a 
maximum of 2%, are due to the non¬ 
linear ivlation between the (ie<*ade re- 
sistaiUM' and the equivalent conductance 
of the network. 

'fhe loss measured by the bridge as 
either D or 6’ is the loss of the unknown 
capacit«»r n*lative to the io.ss cif the 
internal .standards. Since the bridge 
capa<‘itors arc* <'arefiilly cleaneti and 
s(*aled in dry nitrogen, it is estimated 
that their dissipation factor dews not 
exceed a few parts per million. The 
ac'curacy of ab.solute loss measured by 
tin* bridge is, thcn‘for(», the same as 
that of tin* lo.ss relative to the bridge 
capacitors. 

CONVENIENCE 

Readout and Balance (Hefer !<» Figure I.) 

Past exiR^rieiice leads many of us to 
picture a bridge <if verx* high pix*cLsion 


and accuracy as a mas.sive but delicate 
laboratory insirument which, when ^ 
handled with considerabh* ciin*, coddling 
and .some cunning, may yield an ac¬ 
curate value for capacitance only after 
the application of numerous correcti<w}s. 

The Typk IblTi-A Capacitance Hridgc 
in no way lit.s this pictun\ 'Hie moderate 
.size and weight of this bridge tK*rmit it 
to Ik? movf*d about the laboratory with 
ea.s4\ and the bridge is sufhciently rugged 
to he tninsported into the field should 
its accuracy lie reepured then*. It is 
eas>* to lialance, ea.sy to read, and the 
reading is accurate without corr(*ctions. 

\ feature which contributes much to 
the ea.sf* of balance* and of reading is the 
use of lever or linejir rather than rotary 
.switches for the decades. 'The small 
panel space occupied by the.se switches 
makes it po.ssible to position the six 
decades and ningt* .switch for capac¬ 
itance and the four decad(*s and range 
switch for lo.ss within the .span of the 
operitor’s riglit and left hands, 1*0- ^ 
sp<*ctively. rhe throw of the .switches 
i.s about three inches, so the 12-j)o.rition 
range of any decade can be covered with 
only a slight motion of hand or finger. 

The position of each decade is in¬ 
dicated by a numlK*r apiK‘aring in the 
window above (‘ach l(‘ver. The bridge 
capacitance readout thus appears in the 
convenient form of six close*ly-st)aced 
digits in a horizontal line and the I) 
or fr’ read(Mit as a similar line of four 
digits. .\s the lever at the right is moved 
to change* capacitance ninge, the d<‘ci- 
inal ])oint is automatically po.sition<*d 
in the six-figure re*adout to indicate 
without multipliers the* capacitance in 
f)icofarads from a maximum of 1.111,110 
])f to a minimum of O.OOOOl pf. The 
lever on the* l(‘ft simil.irly me>ve\s tlie 
de<*imal point whe*n the* /) range* is 
e'hangeHl to indie'ate* eiire*<tly the eli.s- 
sipation fae’teir. The decimal point is 
also positione*d auteimatie*ally tee read 4^ 
ce)nductane*c in micromhos, but since G 
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must hr multipliod by tho factor m, this 
factor is imlicatccl in orange engraving 
adjacent to each position of tii(' c max 
rang(‘ switch lever. This multiplier is 
re(|uir(‘d only for G and for external 
standards, and the orange color is used 
on the panel to ifidicale all quantities 
to which M must he applied. 

ltridge.< of high precision are often 
reputed to he bridges which are not 
easily balanced. In spite of its wide 
range and high precision, the Type 
ItU.v.V Capacitance Bridge can often 
he balanced with more case and speed 
tlian bridges of lower range and ac¬ 
curacy. For e.xample, when even the 
approxiniate magnitude of a capacitor 
is not known, a rough balance can be 
made quickly on this bridge by the use 
of tlie maxinuiin capacitance range, 
so that the six decades cover the range 
from 1 /if to 1 pf and the six levers can 
be tril'd in quick succession to determine 
the balance point without a change in 
range. The —1 po.^ition on each of the 
capacitance decadc's, which was men¬ 
tioned al)Ove as useful in the s(*lf- 
ca libra I ion of the bridge, also facilitates 
balance in the region near any zerf» by 
permitting a trial reduction of bridge 
capacitani'e by one step in a decade 
without the nec(‘s.sity of moving the 
adjacent lever. 

Connection of Unknown 

The I'onvenience of the balance con¬ 
trols is matched by the convenience 
with which \arious types of capacitors 
can be conn<*ct<*d to the bridge* for 
UK'asurement. Two types of connector 
for the unknown capacitors are pro- 
vidc'd at the upper right corner of the. 
bridge panel: a pair of Type 874 Coaxial 
C'onnectors and a sc't of three Type 938 
Binding Posts \nth standard 3^-inch 
.spacing. For three-terminal measure- 
m(*nts with complete shielding, as is 
recpiired particidarly for very small 
capacitance, tliree-terminal capacitors, 


such as the Type 1403 Standard Air 
Capacitors and Type 1422-Cl) Precision 
Capacitor, can be connected with coaxial 
cal)les to the coaxial l)ridge terminals. 
C‘apacitors having other common ty]>es 
of I'oaxial connectors can also be con- 
necU'tl to the bridgi* terminals by the 
use of the appropriate Type 874-Q 
Adaptor. Capacitors, such as the Type 
1401 and Type 1409 Standard Capac¬ 
itors, which have d'YPE 274 Plugs as 
terminals, can be plugged into the jack- 
top binding posts. The binding po.sts 
can also be used for the connection of 
patch cords and leads of many types. 

The appropnate set of unknown 
terminals is connected to the bridge 
(and the unused terminals disconnected) 
by means of a four-p)osition terminal 
switch located next to the,se terminals. 
As this switch is moved to change 
tenninals, it also shows the corre.spond- 
ing changes of connections and grounds 
in the simple circuit which is engraved 
on the panel. This simple circuit 
diagram does not replace the opi'rating 
instruction manual, but it does serv’o 
even the con.stant user as a usc'ful and 
ever-present reminder of the circuit 
which is in use and of the possible 
sources of measurement dr connection 
error. 

When the terminal switch is set in 
the position mark(*d cal, the l or 
d(*tectur side of all the terminals is 
disconnected. This permits a check or 
selfwalibration of the bridge capacitors 
at any time without the need for dis- 
coniK'cling the uidcnowii, 

Three-Terminal 

In the next position, marked 3 term, 
the coaxial Type S74 unknown ter¬ 
minals are connected to the bridge, 
with the L t<‘rminal connected to the 
detector and the h terminal to the 
transfornu'r. The shields of the con¬ 
nectors and all grraind points on the 
bridge are connected to the guard point, 
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SO that all capacitancos to tho shiolds or 
lo oirouiid arc excluded I’roni tin* direct 
capacitance hetween ii and L measured 
hv llie bridge. 

’riie tliird position of the switch, 
marked 3 tehminal, conne«'ts lo (he 
l>ridge the n, L, and (JND landing posts 
instead of the coaxial terminals. The 
H post is connected to the transformer, 
(he L post to th<‘ detector, and the 
o.\D post to the transformer midpoint 
and bridge ground. .\.s in the coaxial 
three-terminal measurement, the britig«‘ 
measures only the direct capacitance 
bet w(H?n the H and L posts and e.xcludes 
capacitances from h or l to any uxn or 
guard point. The open binding posts 
have a direct capacitance of about 0.2 
l)f, whii’h must usually \yc measured and 
subt meted frf>m the value measur(‘d 
when a capacitor is connected. The 
bridge can, of course, measure this small 
terminal capacitance, as well as that 
of any leads connected between ter¬ 
minals and capacitor. 

Two-Terminal 

'rh(‘ fourth position of the switch, 
marked 2 teh.mlnal, dt'serves special 
attention because of the important 
(changes it makes in bridge connections 
ami bridge measurements. The bridge is 
again connected to the binding-post 
terminals with the h post connected to 
the tran.sformer, but the l and (t.xn 
posts are now connected together and to 
(lu‘ bridge case and panel and to any 
external ground u.sed. The bridge now 
measun’s (tlf capacitances between the h 
terminal and n or ond, including .stray 
capacitances fmm post and leads to the 
panel and other environment. These arc 
the capa(‘itances measured by the cf)m- 
mon two-terminal capacitance bridge*, .so 
tliat it is po.HsibIc to duplicate with the 
new Type lOlS-A Capacitance Bridge 
(he mea.surementsof two-terminal capac¬ 
itors obtained with older bridges, such 
as the Type 71G-C Capacitance Bridge. 


In principle, this change of the 
inherently threc'-terminal transformer ^ 
bridge to two-terminal opera(ion is 
made as .shown in Figure 4; the groumi 
point is simply switched from (he center 
of (he transformer arms to tin* jim<*(ion 
of (he standard and unknown capa<*- 
itors, tlu'reby grounding one side of 
the unknown. In practice, this change 
is complicated by the fact that (he 
cent(‘r of the transformer, which is (he 
guard point (o which the bridge shields 
are connected, is (luai connected to the 
high-impedance .side of the detector 
iiKstead of to ground. To prevent error 
voltages from entering the detector, all 
the wires and bridge .shields connected 
to the high .side of the deteet<»r must be 
enclosed by a grounded shield. To 
provide this (*xtra siiielding for two- 
l(‘rminal measun'inents, the bridge com- 
pom*nts are enclo.sed in an inner shield 
box which is enclo.sed by but insuljited 
from the outer box and panel, and tiuj 
primary of the main ratio transformer ^ 
is also enclosed in two .separate shields. 
External Standards 
Range Extension 

The u.s(?fulness of the bridge* is further 
increa.sed by the provi.sion on the bridge 
panel of a pair of terminals to permit 
the connection of an external standard 
capacitor or re.sistor to suppk'inent or 
replace tlie standards in the briilge. 

This pair of coaxial Type 874 Con¬ 
nectors, located to the left of the coaxial 
pair for t he unknown, has t he L terminal 
connected to the l terminal of tin* un¬ 
known and the h terminal connected to 
the standard side of the tran.sformer 
through a rotary switch, by means of 
which any of the ten .steps of voltage 
from the transformer can be ap])lied to 
the (‘xternal .standard. This rotary 
.switch, with its digital readout through 
a window, provid<‘s a .seventh decade of 
capacitance or a fifth of conductance 
whose magnitude is determined by the ^ 
external standard cJio.stm. For example, 
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tho capiK'itanre range can 1)0 oxtonclod 
tn ri by the coiine<*tioii of an external 
staiiclarcl of l).(M With th<* c max 
range lever set at tlie I maximum, 
the rotary decade then provides a 
halancc control of I ^f jht step and the 
lever switches extend the halaiiee range 
six mon* decades fn>m 0.1 al through 
1 pf per step. 

Accuracy Extension 

Since l)oth the unknown and external 
standard capacitors can be connected 
to a wide ninge of accurate tran.'^fonner 
ratios, a comparison of external capac¬ 
itors can be made with an accuracy 
even higher than that of the din*et 
bridge reading; and the ratios can l>e 
chosen so that the magnitudes of the 
external capacitors do not have to be 
decade multiples. For example, supi)ose 
a standard capacitor of KXX) pf is 
available with a calibmtion accumey 
higher than 0.01%. This accuracy can 
^ lx* transferred to a capacitor of. sjiy, 
o(KK) pf by connecting that capacitor to 
the appropriate unknown terminals and 
the nioO-pf standard to the external 
standard teiTuinals. When the rotary 
decade switch for the external standard 
is set to 0.5 and the c .max lever to the 
O.OI-gf position (where m = 10), the 
external standard i.s efTectiveU" multi¬ 
plied by 5 to balance the unknown. 
Small differences between the external 
C4ipacitor.s can. of course. Ix‘ balanced 
with the bridge capacitance and con¬ 
ductance dc*ca(les, and any small (*rrors 
in the bridge reading of the differeiici* 
are insignificant in the compari.son 
measurement :i.s long as the difference 
is a small pc'rcentage of tlu* total 
capacitance. 

Resolution Extension 

The rr*solution, as well as accumey, 
of thf‘ bridg(‘ can be extended by the 

•rWrribed rUeH'her^ in thi» istie. 

*A. K. Saitik>nK>n. " A Tutied Aniplifier and Null l)rt<*cior 
with Oniv.Microvolt Scii*iU\’it>v’ Gentrol H*ui%u Sjriteri- 
mtntwr, 3A, 7. July. 1961. 


use of an external standard capacitor. 
It has already l)ef*n noted aliove that 
the external standard and its decade 
switch add a st'venth decade, which can 
have increments either larger or smaller 
than those of the six lever decades. 
ICveu higher resolution is |)os.sible when, 
for example, two lUOO-pf external capac¬ 
itors are compared, liecau.se the bridge 
decades can be usc'd to mea.'^ure a 
difference as small as 0.()0(K)1 pf or 1 
part in 10'* in this example. Tsable 
n'-^ilution of 0.1 ppm i.s not hard to 
obtain with the recommended Typf: 
1232-A Xull I k'tector. but higher re.solu- 
tion ihsually re<|uires special detectors. 

GENERATOR AND DETECTOR 

The fact that the instrument contains 
neither generator nor detector may not 
s(*em a convenience to the occasional 
us4'r of the Typk Kilo-A Capacitance 
Bridge, but it is often an engineering 
and economic advantage. A generator 
and a detector in separate packages can 
be better selected or modified to fit the 
many uses of the bridge over its wide 
range of capacitance and frequency. For 
most of the uses and most of t he range, 
the recommended generator is the new 
Type 131 1-A .\udio Oscillator^ and the 
recommended detector Is the Type 
1232-A Tuned .\mplifier and Xull De¬ 
tector.® A complete sy.stem for capac¬ 
itance measurement, consisting of the 
bridge and the recommendixl generator 
and dete<‘tor, is availabk^ as the Type 
Ki20-A Capacitance-M(»a.suring As¬ 
sembly, illustrated on page 14. 

— .1. F. IIer.sh 
CREDITS 

Thr Tyi»k C'apiiritjince Bridge was 
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.\dminl<trative FngineiT; G. A. Clemow, 
Ih^ign KngiiH*er; (]. (' Oliver. IX'sigu Drafts¬ 
man; W. II. IliKiealNitham. Proiluetion Ftigi- 
ne<‘r. and \V. G. ('ooper, .Vasislant Test 
Fnginecr. 

— Editor 
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SPECIFICATIONS 


Capacitance Range (6 ranges): to I0~* 

f.'inul.s (10 /mpf lo Ipf), direct reading; (i-ligure 
rciioliition, smallest division 10“*’ farads. 

Dissipation-Factor Range (3 ranges): 0.000001 
to 1 at I kc, dire<*t residing. Directly pro¬ 
portional to freqneiM'y at oth(*r fre(pienci(». 
Four-figure resolution; smallest <livisiop, 
O.OOtKX)!. 

Conductance Range (2 ranges 2 ranges ^): 
10“* aniho to UX) /irnho; *l-figure resolution, 
snndlcst division 10“* andio; inde|>endent of 
fretpiency; varies with C range. 

Accuracy: 

Capncitiuice—direct reatling, itUernnl siaruiard, 
±0.01%, e.xcept at the c.xtremc‘s of the range. 
At high capa<atance and high frequeticy, error 

is -h 0.002% (hKX)) ‘ 

and low fretpiency, accuracy may Ijc limited by 
bridge sensitivity. 

Capacitance—comparison mth external stand- 
ard, approximately 1 ppm. 


IKssijMitioTi farior^ ±(0.1% -f- 10 ppm) of 
mea‘<ured value. 

ConilucJance, ±(1% + 0.00001 amho). 

Frequency Range: Approximately 100 cycles 
to 10 kc. 

Temperature Coefficients of Internal Standards: 

licss tlian 5 ppm/®C for the 1000-, 100-, and 
10-pf units; slightly greater for the .smaller 
capacitance units. 

Maximum Voltage: 20 volts at 1 kc. Propor¬ 
tional lo freijuency. 

Accessories Required: (lenerator and detwtor; 
the Type 131 1-A .\udio Oscillator and the 
Type r232-.\ Tuned .\mplilier and Null De¬ 
tector are recommended. 

Accessories Supplied: Type 874-WO Open- 
Circuit Termination, Type 874-1122 Pab’h 
Cord, and Type 271-XL I*atch Cord. 

Dimensions: Width 11), height 10*2. <lepth 
12^4 inches (485 by 270 by 325 mm), over-all. 

Net Weight: 38]^ jmunds (17.5 kg). 


Type _ Code Word _ Price. 

1615-AM I Capacitance Bridge, Bench Model.. ATTIC | $1475.00 

1615-AR I Capacitance Bridge, Cabinet Model. | BALMY | 1475.00 

U.S. Patent No. 2..MS.4.57. 


TYPE 1620-A 
CAPACITANCE¬ 
MEASURING 
ASSEMBLY 



The Typk 1020-A Capacitancc-Meas- Type 131 1-A Audio Oscillator and the 
uring Assembly consists of the Type Type 1232-A Tuned Amplifier and Null ^ 

1G15-AM Capacitiince Bridge with the Detector, thus providing a complete 
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system for the precise measurement of 
^ capacitaiu^e over the range of 10 /zpf to 
1 ^if (10 " to 10 farads). FrtMiueiicy 
range is approximately 50 cps to 10 kc. 
The system has suflieient sensitivity to 
realiw* the full six-place resolution of the 
bridge for all m(*usurements except for 
ver>' small capacitances at the lower 
frequencies. 

T\rpf _ 

1620-A I Copocitonca-Measuring Assembly 


Oscillator and detector are mounted 
side by sid<» as shown in the photograph. 
The end frames are bolted together to 
make a rigid assmnbly without the use 
of a relay rack. Connection cables 
art^ suppli(*d. 

The o.s<*illutor operates from the 
power line, the detector from internal 
batteries. 

_ Coth Wonl P rim 

. I OHBIT f^OSO.OO 


HIGH PERFORMANCE, LOW-COST 
AUDIO OSCILLATOR 
WITH SOLID-STATE CIRCUITRY 


Modern solid-state circuitr>’ is used 
in the new Typk 1311-A Audio Oscillator 
to produce a self-<*ontained, compact, 
inex|>cnsive in.strument with many dtv 
sirable features, .\mong these are high- 
power output into a wide range of load 


impedanws, low-distortion even when 
the load imiH'damv Is shortn'inaiited, 
excellent .stability, low noise, and ver>' 
small size. 

The Tvpk 131 1-A Audio Oscillator 
.supplies power at eleven commonly us(*d 



Figure 1. Panel View of the Type 1311-A Audio Otcillolor. 
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GENERAL RADIO EXPERIMENTER 



Figur* 2. TH« output tront- 
formor ollowt matching a 
wido rang* of lood impod- 
ancoft. Doto woro token at 
1 kc, but are representative 
of performonce at all fre¬ 
quencies. 


fixed frequencies: 50, <»0, 100. 120, 2(M), 
4(K) an<l 500 cps and 1, 2, 5 and 10 ke 
a.H selected by a rotary switch. A con¬ 
tinuously aiijustahle inenunental-frc*- 
(|iieney control provides a range of di2% 
about the nominal fnx|uency. One addi¬ 
tional frequency can Ite provided by the 
user at a twelfth switch pt)sition l)y the 
addition f>f two resistors. 

'fhe output transformer has a tapped 
s<‘eondary winding, so that an output 
power of at least one watt can be d(*liv- 
en*d to five difTerent load im|)edances, 
and at lea.st t)ne-half watt to any re¬ 
sistive load between HO milliohms and 
S kilohnus, as .shown in Figure 2. 

In most oscillators, overloading and 
waveform clipping occur when the load 
impedance is ver>' low compared to its 
optimum value. In contra.^^t, the Typk 
1311-A Audio Oscillator can .supply a 
low-distortion .signal to any load im¬ 
pedance from an open circuit to a short 
circuit, independent of the sc'tting of 
I he tap on the output tran.sfonmT. The 
over-all distortion is alway.s low, less 
than 0.5% at a 1-watt output level and 
typically le.ss than 0.1% over much of 


th(* fre(|uenc 3 ' range, as shown in Figure 
3. Hum and noi.se components are le.ss 
than 0.003% of the maximum output. 

CIRCUIT 

The o.scillator makes use of the fa¬ 
miliar Wien bridg(‘ network and a 
multistage, C’lass-H, tran.^istor amplifier 
to provide the nece.s.sary power output 
without additional biifTer amplifiers. A 
simplified .schematic diagram is .shown 
in Figure 4. The frecjuency of oscillation 
is determined by the capacitors and 
one of eleven pairs of re.sistors in the 
positive feedback path. A thermistor is 
part of the n<‘gative fcM‘dback path and 
n.s.sums a ver>' stable output .signal, as 
.shown in Figures 5 and <>, without the ^ 
distortion a.s.s(K-iat<»d with many ampli¬ 
tude-limiting systems. 

Six transistors an* incorporated in a 
.single direct-coupled feedback loop. The 
high loop gain re.sults in an os(’illator 
which is .substantially independent of 
tran.sistor characteristics, with low dis¬ 
tortion and long-term reliability. Xoise 
and short-term amplitude and fre(|uency 
variations are minimiK(*<l by the u.se of 
low-iM»i.se circuitr>* for the input am- 


Figur* 3. Th« Type 1311-A 
Audio Otcillafor will drive 
ony Impedonce wHh low 
dittorlion. 
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Ar,. 


Figure 4. Elementary schematic diagram of the oscillator. 



plifirr, QlOl. The Imn.sistor, Ql()2, 
provides a high-imfx'dance drive cinaiit 
for operation of the Class-B output 
stage with a minimum of crossover dis¬ 
tortion, without the use of complicated 
temperature-sensitive bias networks.* 
Since the KC-network capacitors art* 
^ too large (0.1 /if) to Ik* made adjustable, 
the in(^remental-fre(|uency adjustment is 
produced by a variation in the voltage 
acrt)ss part of one of the capacitors by 
means of a potentiometer. This ha.s the 


‘J. J. Fmrmn and R. G. Fulks. "Ilich-IrappiUnce Drive 
(or tlie KUiuioation of CroniMiver Distortion." The Solid- 
State JoHrntU, AujpiBt. lOtil. 


same effect on the circuit as a variation 
in capacitance, and, .since the potenti¬ 
ometer im|)edance is low companul to 
that of the capacittir, the control can 
Ik* calibrated in percentage fre<|ucncy 
change. 

APPLICATIONS 

Although the Typk 1311-.\ Audio 
Oscillator was df‘signed primarily for 
use as a generator for bridge measun*- 
ments, its su|K‘rior performance and 
many features imike it well suited to 
almost any application when* a high- 
quality audio oscillator is needed. 



Figur* 5. Typical output ampli* 
lud« stability of the oscillotor, 
showing warmup drift (A) and 
short'term variation (B). 


Figure 6. The Bat frequency response of the 
oscillotor eliminates the need for rechecking 
the level In frequency*response meosurements. 



rRcoucNor 
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P'or bridge in(*asureineiit^^ the sbieldt'd 
secondary' winding on the output tnuis- 
forrner pennit^ the oscillator to Ik* used 
as a floating source, thus minimizing or 
eliminating circulating ground currents. 
This feature is also important in other 
low-level systems. 

For many applications, such .«is the 
calibration of high-speed level n*conler8 
and analog-tf»-digital converters, the 
ver>' low level of short-term amplitude 
and frequency variations in this oscil¬ 
lator are im|K)rtant. Appreciable errors 
can l)e caused by the cycle-to-cycle 
variation found in most oscillators. 


>A. E. SanilrnMiii, "A Tuned Amplifier nnd Null Dcleclor 
with One-Microvolt Seaiuti%'itv.” General KaUia Kx- 
perimmter, 35, 7, July. 


For general labonitor>^ measurements 
the fltuiting output, the low distortion, 
and the ability to drive any load imped¬ 
ance without clipping are among the 
most useful features of this oscillator, 
while the small size, simplicity, reli¬ 
ability and excellent stability are im¬ 
portant advantages for pnaluction-test 
applications. 

The oscillator is mounte<l in a compact 
cabinet which can Ijc uhk\ either on the 
l)ench or, by means of adaptor panels, 
in a relay rack. It can Ik* conveniently 
mounted with the Type 12^I2-A Tuned 
Amplifier and Null Detector* as a 
complete o.scillator-iletector combination 
for r(*lay-rack mounting, lielay-rack 
adaptor sets for this purpo.se are listed 
Ik*Iow. 

— K. G. Fulk.s 


SPECIFICATIONS 


FREQUENCY 

Rang*: 11 fixed frequencies from 50 to 
10,000 rp«. 

Control: 50, 00, 100, 120, 200, 100, 500, 
1000, 2000, 5000, 10,000 epa Hclectc^ l>y nitnry 
switch. \ vernier provides a :t 2 % adjii.st nient 
al>out nominal. 

Accuracy: ±1% when Af control is at r.ero. 

OUTPUT 

Powon One watt into matched h»ad. (Tajw 
proride at least one-half watt output into any 
resisti^x? load l>etwecn 80 milliohms and 8 
kilohtns.) 

Voltog*: C'ontinuously adjustuhle from 0 to 
1. 3. 10, 30, or 100 volts, open circuit. 

Curroni: Continuously adjastahle from 0 to 
40, 130, too, 1300, 4(XX) milliiiinpcrcs, short 
circuit (af>prox). 

Impodonc*: Betwec'ii one and two times 
mat<‘h(Hi load, depfoulinx on control si'tting. 
Output circuit is Isolat^ from Kround uml, 
hence, can Ik* use<| to drive balanced circuits. 


DISTORTION AND NOISE LEVEL 

Di»tortion: 1a»8.h than 0.5'e ufuier any lo;uJ 
condition. Typically leas than 0.1'( over much 
of range. Oscillator will drive a short circuit 
without waveform clipping. 

AC Hum: Typically Ic^ than 0.003% of 
output voltage. 

GENERAL 

Torminolt: Jack-top Typk 038 Binding Posts 
with stundanl ’ 4 -inch spacing. Separate 
ground terminal holds Type 038-L Shorting 
Link which can Ik* use<l to ground adjacent 
uuTPiTT binding posts. 

Power Input: 10.5 to 12.5 (or 210 to 250) volts, 
50 to 400 cps. Total |K>wcr input varies l>e- 
tween 7 and 22 watts, de|M*nding on load. 

Mounting: .Aluminum panel and cabinet, in 
gray-crackle finish, for l)eii<‘h u»<*. Panel adaptor 
set.s are available to |K»rmit mounting in 
standunl 10 -inch relay rack. 

Accessories Supplied: TypE C.\P-22 Powcr 
(’ord, spare fuses. 

Dimensions: Whith 8 , height 6 , depth 7*^4 
inches (205 by 155 by 200 mm), over-all. 

Net Weight: 0 |)Ounds (2.8 kg). 


Type CofJe Woril Price 


1311.A 

Audio Oscillator 

TII*SY 

$175.00 

4t0-P30t 

Roloy-Rock Adaptor Set (for oscillotor only) 

EXPANKUtOO 

7.00 

4tO-P316 

Roloy-Rock Adoptor Set (for oscillotor ond 




Type 1233 -A Tuned Amplifier and Null Detector) 

EXPA.\EUIi;.\f 

6.00 


l.icpiwcd under peieots uf the American Tdetdione and TctcKraph Company. 
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NEW COAXIAL CABLE CONNECTORS 

Hove Lower VSWR, Are Easier to Install 


Tho rontimious developriK'nf pro^rrain 
for OR Tvpii 874 Coaxiiil Connectors,* 
among whose recent achi(*vemeiits was 
the locking version of the connector,* 
tins now produced a greatly iniiiroved 
design of cable connectors. Both me¬ 
chanically and electrically, the perfonn- 
ance of these new cable (and panel) 
connectors commensunite with that 
of the rigid-line connectors. 'Fhe new 
sf*ri(»s, which is identified by the letter 
“A” in the type numlx*r and by a gray 
rubf>er guard on the cable end, instead 
of the black previously list'd, will ri'placi' 
the old<*r series on Septeml>er I, 19(>2. 

DESIGN CHANGES 

The design objectives were (a) lower 
VSWR, (b) minimum change in \'S\VR 
as u result of assemfily variations, and 
(c) simplifit'tl assembly. These have Ikm'ii 
achieved by (a) n'design of the transi¬ 
tion iK'tween the basic Typk 874 Con¬ 
nector and the cable, (b) reduction in 
the distortion of cable dielectric due to 
melting during the soldering o|K*ration 
on the inner conductor, (c) an improved 
metluKl for attaching the cable braid 
and jacket, and (d) improvements in the 
nibljer guard ii.sed on patch-cord ty|)es. 

In addition, the inner conductor 
soldering ot>eration for smalUliameter 

*V. 8. P»U*nt No. 2.:i48.497. 

'"Nrw nnd ImprovriJ Coaxial Connertoni." Q*>nentl 
H'vlin Krv>tr%mt^ter, 3.1. 10, October, llHU. 



Eigur* 1. Naw>typ« «f«ppad-lran»ition connaction 
ond old'typa conicol-trontifion connaefion. 


cables has lK*en simplified, and a tend¬ 
ency for the Tyhk 874-PB Panel C*on- 
nector to liecome slightly loose in its 
paiK'l flange with hard usage has lieen 
corrected. 

The tran.Mtion between the air- 
dielectric connector and smaller solid- 
dielectric cables, shown in Figure 1, is 
an important part of the connector. The 
older, ta|)er('d, design has l>een replaced 
by a step transition, which is ea.sier to 
control in machining, easier to inspect, 
and ea-sier to solder. Crimping of the 
inner transition to tin* cable wire is also 
possible with thL< design, for non- 
critical applications. 

The most critical part of any cable 
connector is the actual conne<*tion lie- 
tween the cable conductors and the 
corre.sponding parts of the connector. 
The center-conductor connection is 
u.sually the most difficult to make with 
consistently low n'fli'ctions. One of the 
caust's of high V'SVVR is flow and dis¬ 
tortion of the dielectric material during 
soldering. Another related cause Is the 
variation in location of the end of the 
cable diele<*tric with re.s|)ect to the end 
of the connector inner transition section. 
Furthermore, the pla.stic dielectric can 
actually flow into the soldered joint and 
produce an inductive discontinuity. 
These conditions are ilhist rated in 
Figure 2. 

The.se problems have bei'n eliminated 
by the addition of a Teflon disk, as 
shown in Figure 3, which blocks any 


vmtn \ ''CAt.t 

jmUAiyiOH CHSTt)»TiO»i (MlCCTIK IH*C 

(Lmff) Figur* 2. Typicol toldtring-h^ol distortion 
of coblo diolocfric. (High) Figwro 3. Teflon disk 
eliminates distortion. 
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(TD 


Figur* 4. N«w, 
pcrforoUd f«rruU. 


flow of the cable dielectric into the 
soldered joint, and provides heat in¬ 
sulation. It provides also a definite 
surface for the end of the inner transi¬ 
tion to rest aptin.'^t during the soldering 
operation. Still further control of dielec¬ 
tric distortion is provided by an im¬ 
proved assembly procedun*. 

The connection In'tween the cable 
braid and connector also has Ik'cii im¬ 
proved. A tap(*r has been add(‘d at the 
end of the knurled section of the outer 
transition, as shown in Figure 5, to 
reduce the inductive discontinuity due 
to the step-up in diameter, and a new 
perforated ferrule, shown in Figures 4 
and o, has lu'cn provided to hold both 
the ja(‘ket and liraid .s<*curely in place. 

The cable jackr-t flows out into the 
perfomtions, pnxlucing an effective 
holding force, and pri‘veiiting the jacket 
from drawing away from the braid-to- 
connector joint. In addition, crimping 
is necessary over only a short length of 
ferrule, as .shown in Figure 5. .\s a n‘sult, 
the diele<’tric is compix'ssed very much 
less than with a solid ferrule, and the 
effect on the \'S\VR Is relatively .small 
even at frr*quencie.s up to 7 Gc. The 
p(*rfonited fernile is employed in all 
connectors of the new series. 

The knurled, cylindrical tninsition 
with a crim|Kii-ferrule methotl of braid 
holding was retainiHl in the new design 



Figur« 5. Improved molhod of fockol and 
braid rotonlion. 


because it offers several advantages over 
the butt-rtUtuition s>>items commonly 
employed. The principal advantage is 
that it pro\ides the least discontinuous 
transition con.sLstent with the nece.ssar>' 
retpiirement for Tvpk 874 Connectors 
that the inner tran.sition must lie pu.shed 
slightly forward during a.s.sembly to in- 
.stall the insulator in the basic connector. 




Figuro 6. 

Incrooted 

longth 

focilitotet 

loldoring. 



Figure 7. (Right) New ring clomp nul hoc addi¬ 
tional flols. (LmH) Potitive locking of connector in 
**PB’' series of ponel Ranges, with lockwosher. 


With this t>TX* of assembly, character¬ 
istic of all Type 874 Cable Connectors, 
the inner transition and inner conniH'tor 
are accurately positioned, and the 
tendency for movement caus<»d by flex¬ 
ing, expansion, or contniction of the 
cable with temperature changes is 
practically eliminated. Other advantages 
include rapid a.s.sembly and low' cost. 

The rearward protrusion of tht* inner 
transition is now' used on all connectors, 
so that the *‘58A" and ^‘t)2A’* series of 
connectors can be soldered as easily a*s 
the larger cable typ(\s. For this purpose*, 
the new tmnsition pieces in the.sc' .s(»ries 
have been lengthened (Figure 0). 

A lockwasher has been added to pre¬ 
vent possible loo.sening of the connector 
in the panel flange, and an additional 
set of flats has been provided on the* nut 
tliat clamps the basic <*abl(* connector 
in the panel flange to facilitate tight¬ 
ening behind a panel where accessibility 
is poor. See Figure 7. 
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^ ELECTRICAL PERFORMANCE 

The new stepped transitions yield a 
very low VSWK up to 7 Gc, and the 
reHe<‘tions intnKiueed by the connector 
as a whole are now lower than the re¬ 
flections inherent in even the best 
flexible cables. 

In the development of the new cable 
connectors, it was not possible to em¬ 
ploy standard flexible cables to test the 
connectors, because th(*se cables are not 
made to sufficiently close tolerances and 
an» not sufficiently uniform. It was 
necessary, th(*refore, to build .sections 
of dielectric-filled line, ac<*ur;itely con¬ 
structed to Ik* as dost* as pos.sible to the 
desired 50-ohm characteristic impc'd- 
ance. Kach stepped section of the transi¬ 
tion was desigiH'd and tested individ- 
inilly in (►rder to isolate each individual 
discontinuity and minimize* its refle<‘tion. 
This is important in achi(‘ving: a low- 
reflection design alM)ve 4 Gc. The results 
^ of \'S\VH measurements made on devel- 
opnu'iit units are shown in Figures 8, 1) 
and 10. The test conliguration, .shown in 


Figure 11. T««f 
configuration for 
Figures 8,9,and 10. 



Figure 11, comprises two tran.dtions, 
le.<s the Tyi*k 874-H Ba.sic Connectors, 
connected back-to-back through a .short 
set’tion of 50-ohm polyethylene line 
with a Teflon disk placed at each end, 
simulating the connection to a cable. 

The over-all VSWR of the complete 
connectors installed on actual cables is 
excellent, as shown in Figur«\s 12 to 17, 
for two b:i,dc attachment.^. In the first, 
a conne<*tor is install<*d on an extremely 
long length of cable, .simulating an 
infinite cable. Measur(*ment of this con¬ 
figuration reprc.s<'nts the of a 




■ 


movt*tc* o« 


Figure 8. VSWR of a pair of **CA*' cabie traniitiont 
on ideal coble section. 
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Figure 9. VSWR of o pair of **C8A" coble transi¬ 
tions on ideal cable section. 
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Figure 10. VSWR of a pair of “C58A” coble transi¬ 
tions on ideal cable section. 


Figure 12. Averoge VSWR of single Type 874-CA 
Connector on on infinite length of Type 874-A2 
Coble. (Also applies to the Types 874-CLA. -PBA, 
-PLA. ond PRLA.) Peok at 300 Me is dye to coble 
characteristic-impedance error. 
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Figure 13. Average VSWR of single Type 874.C8A 
Connector on infinite length of RG-214 U Cable. 
(Applies to all the **8A’' series.) 



Figure 14. Average VSWR of single Type 874-C58A 
Connector on infinite length of Type 874-A3 Cable. 
(Applies to oil the *'58A** series.) 
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Figur* 15. Average VSWR of Type 874-R20A 
Potch Cord conticling of two Type 874-CA Con> 
nectors mounted on Type 874-A2 Coble. 



Figure 16. Averoge VSWR of patch cord consist¬ 
ing of two Type 874-C8A Connectors mounted on 
RG-214 U Cable (similar to RG-9 U). 


r(‘fcrrpd to as “cablo-to-cahlo VSAA'R” ^ 
when the cable length is a multiple of a 
half wavelength.^ It is illustrated in 
Figures 15, 10 and 17. 

A note of e.xplanation is reciuired for 
the “infinite’^ cable measurements. Most 
fle.\il)le cables e.xhibit a resonance phe¬ 
nomenon when'by periodic variations 
in characteri.stic impf*dance inherent in 
the manufacturing process Ix'come syn¬ 
chronous with the measurement fre- 
(juency. The.'^* appear as jx^riodic VSWH 
spikes in the measurements and are due 
to an accumulation of many reflections. 

Thest' hav<* been positively identifit'd as 
occurring in the cable and, for this 
rea.son, have Iwen omitted from the 
connector \'SWR graphs. 



Figure 17. Average VSWR of Type 874.R22A 
Patch Cord consisting of two Type 874-C58A Con¬ 
nectors mounted on Type 874-A3 Cable. 


.single cable connector on a typit'al 
section of coa.xial cable, sometim(*s 
referred to as the “rigid-line-to-cable 
VSWR.’^ It is illustrated in Figures 12, 
13 and 14. In the second, cable con¬ 
nectors are instalk'd on opposite ends of 
a three-foot length of cal>le, typical for a 
patch cord, and a low-VSWR termina¬ 
tion is plugged into one end. This is 


*A. R. .Santlerwon, “An Accurate Substitution Method 
of ^Ieesurin»^ the V'SWK of roaxial Conneclors," The 
Mirrnu'iirr Jvurtinl, January. 19t»2. 


AVAILABLE TYPES 

The 874-s<'ru‘s cable connectors are 
available with a variety of fittings that 
mak(‘ them adaptable to both patch¬ 
cord and panel-mounting use. These are 
identified by the hotter series C, CL, 
RH, PL, PRL. The suffix, L, identifies 
the locking type. The following table 
lists available catalog items. .M.^o shown 
1k4ow the table are the tools recom¬ 
mended for as.sembly. The ferrule- 
enmping tools, 874-T()58 and 874-T()8, 
are recommended, espt'cially for volume 
assembly, although suitalile ferrule 
crimping can be achieved with ordinary 
pliers when? appearance is not impor¬ 
tant. The Typf: 874-'rOK Tool Kit, 
however, is recommended whenever low 
and repnxlucilde \’SWR is desired. 

.Vll the.sf* connectors have a 50-ohm 
characterist ic im|)edanc.e. 

—John Zorzy 



TYPE 874-PBA TYPE 874-PBA 



f ROWT or PANEL BACK OF PANEL 


Figure 18. Mounting dimensions for Type 874 Panel Connectors. 
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CONNECTORS 



Type 

Fit* 

Cotie Word 

Trice* 



874-CA 

(50*ohm) 874.A2 Coble 

rOAXeWBLER 

%2.50 



874-C8A 

(50*ohm) RG*8A/U« *9B/U, 

rOAXCORDER 

2.50 




.1OA /U,-87A, U«.116, U«.l 56 U, 
-165;U,-166 /U, -213 U, 

-214/U, -213/U, -225 U, 

•227 /U; (non-constant Im- 
pedonce) RG-11A U, •12A U| 




50*4 )hm 


-I3A/U, *63B U. *798 U, 




Cniiif 


*89/U,-144 U,-146 U, 




Conni‘rtor« 


-149 !\J, -216 /U Cables 





874-C58A 

(50*ohm) 874-A3, RG-29 /U, -55 U 

TdAXCALLER 

2.50 




(series), *58 U(series), -UIA/U, 
-I42A U,-159 U,-223 UCobles 





874-C62A 

RG 59 U,-62/U(series),-718 U, 

COAXCANDOR 

2.50 




-140 U, -210/U Cobles (non- 
constont impedance) 




oOHihm 

874.CLA 

Some os Type 874-CA. 

rdAXTRdBl.N 

3.50 


Cathie 

874.CL8A 

Some os Type 874-C8A. 

COAXPARROT 

3.50 


('onnwtore 

874.CLS8A 

Some os Type 874-C56A, 

fiMXVKNIPE 

3.50 


—Ix)r Icing 

B74.CL62A 

Some os Type 874-C62A. 

<’OAXY8WIPT 

3.50 


oO-uhm 

874.PBA 

Some os Type 874-CA. 

fYSAXAPPt.KR 

3.40 


PaiM'l 

874*PBSA 

Some os Type 874-C8A. 

('OAXBATIIER 

3.40 


C’onnwtors 

874-PB58A 

Some os Type 874-C58A. 

COAXABATER 

3.40 


—Fljiiigod 

874-PB62A 

Some os Type 874-C62A. 

OllAXHARKKR 

3.40 


oOntlim 

Panel 

Cofinwlors 
— I.<orking 

874-PLA 

Some os Type 874-CA. 

f’dAXYFl.NVfl 

3.75 

- 

874-PL8A 

Some os Type 874-C8A. 

niAXYVIREO 

3.75 

TiST^ 

874.PLS8A 

Some os Type 674-C58A. 

CdAXTlIRirsir 

3.75 


874-PL62A 

874.PIT 

Some os Type 874-C62A. 

Wire Leod. 

roAXTdUCAN 

niAXWIULET 

3.75 

3.75 


oO^jlini 

874.PRLA 

Some os Type 874-CA. 

roAXVntMisE 

4.00 


Panc'l 

874-PRL8A 

Some os Type 874-C8A. 

nJAX<*U.VI)OR 

4.00 


ConnwtorH 

874.PR158A 

Some os Type 674-C58A. 

rdAXdllRI.KW 

4.00 


— I^a'king, 

874.PRL62A 

Some os Type 874-C62A. 

roAX.WMK’ET 

4.00 


KweswHl 

874.PRLT 

Wire Lead. 

t'OAXMKRIJN 

4.00 



*For uuiintitiM vf 1 lo W; prioes for l»nP*r {luatiUiicvi on rcMUmt. 


TYPE 874-TOK TOOL KIT 


CRIMPING TOOLS 



1. Outer*conductor wrench. . (0874*2610) 

2. lnner*conductor wrench.(0874*2611) 

3. Coupling*nut wrench.(0874*6801) 



TYPE 874.T058 TYPE 874.T08 



4. Pront*r*ng exponder (red),.. (0874-6820) 

5. Keeper for ring exponderi (0874*6840) 

6 . Bock'ring exponder (green). (0874-6600) 

7. Ring pusher.... (0874*6830) 


Typt 


Code Word 

Price 

874.TOK 

Tool Kit. 

r(»AXKlTTKN 

$20.00 

874-T08 

Crimping Tool 

niAXCRI.MHA 

75.00 

874-TO50 

Crimping Tool 

COAXi’RIMPd 

85.00 
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GENERAL RADIO EXPERIMENTER 


Coming — in September 

The 3rd Annual 

ELEaRONIC INSTRUMENT MANUFAaURERS’ EXHIBIT 

Boston to Washington, D. C. 


This popular exhibit (EIME) has now 
been expanded to ineltide eight leading 
instmment mamifaetun*rs exhibiting to¬ 
gether in nine convenient hurjitions. 
Operating displays of the latest instni- 
ments will ag:iin Ik* featured, and factory 
engiiM'ers will l)e on hand to discuss 
your measununent problems in an 
unhurri(Hi atmosphere. 

The sponsors an*: General Radio 
Company, Arnpex (Airponition, FXR, 
litimbda Electronics Corporation, Non- 
Linear Systems, Inc., Panoramic Elcc- 

Waltham, Massachusetts 
Syracuse, New York 
Jericho, Long Island, New York 
Cedar Grove, New jersey 
Camden, New jersey 
Philadelphia, Pennsylvania 
Watchung, New jersey 
Red Bank, New jersey 
Washington, D. C. 


tronics, Inc., Sensitive Research Instru¬ 
ment Corporation, and Trio Lal)ora- 
tories, Inc. 

General Radio will exhibit three new 
bridges: the Type IbOS-.V Iin|K*dunce 
Bridge, the Type R)33-.\ Incremental 
Inductanee Bridge and the Type ir»15-.\ 
Capacitan(*e Bridge. Other displays will 
include the Type ll50-.\ Digital Fre¬ 
quency Meter, Type 13(>0-.\ Microwave 
Oscillator, Type 1217-B Unit Pulse 
CJenerator, and 'Fype 1558-A Octave 
Band Noise Analyzer. 

Charterhouse Motel, Route 128 
Sheraton Inn, Carrier Circle 
Meadowbrook Motel 
The Towers 
Cherry Hill Inn 
Marriott Motor Hotel 
Wally’s Tavern-on-the-Hill 
Molly Pitcher Hotel 
Marriott Motor Hotel 


Monday, Sept. 10 
Tuesday, Sept. 11 
Thursday, Sept. 13 
Monday, Sept. 17 
Wednesday, Sept. 19 
Thursday, Sept. 20 
Monday, Sept. 24 
Wednesday, Sept. 26 
Thursday, Sept. 27 
Exhibit hours: Noon to 7:30 p.m. 


Washington Office Moves 


Effective Septem1)er 1, 1902 the 
General Radio Office scTving 
Washington, D.C. and the South¬ 
east is moving from Silver Spring, 
Maryland to new and larger 
quarters. 


New Address: 

General Radio Company « 
Rockville Pike at Wall Lane 
Rockville, Maryland 
Telephone: 946-1600 (Code 301) 
TWX: (301) 949-6787 


General Radio Company 
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